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SMALL GRAIN FERTILIZER EXPERIMENTS
I96U, 1965 and 1966
R. C. Ward, P. L. Carson, E. P. Adams, E. J. Langin,
E. J. Deibert, and R. D. Heil
Agronoiny Staff, South Dakota Agricultural Experiment Station
This is a continuation of the Agronomy Department pamphlet series
which summarizes the outlying field fertilizer experiments. This pamphlet
will summarize the field fertilizer experiments on small grains for the
years I96U, 1965 and I966. Refer to pamphlet for introductory in
formation and a report of previous field studies with fertilizer.
Experimental sites were selected with emphasis on soil uniformity
within the plot area. Sites were selected so the major soil types were
represented.
Special acknowledgement goes to the farmer cooperators for use of
their land for the experimental plot sites. The assistance of the Soil
Survey Staff, Agricultural Research Service Staff, County Agricultural
Agents, Soil Conservation Service personnel, Tennessee Valley Authority
representatives and many others is gratefiilly acknowledged.
The objectives of Small Grain Experiments are as follows:
1. Determine the effect of nitrogen, phosphorus or the
combination of these elements on yield, test weight
and protein content of small grains.
2. Determine if potassium has any influence on yield,
test weight or protein content of small grains.
3. Determine the influence of past management, climate
and soil types on fertilizer responses and provide
yield response data for correlating with soil tests.
it. Compare fertilizer sources.
5. Compare yields of barley, oats and wheat at one
location with different fertilizer applications.
Locations of the plots are shown in Figure 1 for the respective
years. Specific location of the experimental sites, cooperators, planting
and harvesting dates,'crop and variety grown, and the past-soil'manage
ment for the SBjall grain sites are shown in ihe discussion.
Soil profile sanqples were taken at each site. Sample depth
varied from 3 to feet. Solu"ble nitrates, organic matter. Bray #1
phosphorus, exchangeable potassium, pH and soluble salts were deter
mined on all san5)les. The soil test results are shown in the dis
cussion.
Rainfall for the growing season at each location is reported
in the discussion. The water used to produce the crop with and with
out fertilizer is also shown. This value was obtained by measuring
the available soil moisture to a depth of U feet at planting time,
keeping a record of the rainfedl during the growing season, and
measuring the available moisture to a depth of it feet at harvest time.
The available water for plant growth (water used) is calculated as
foir.ows: available soil moisture at planting time + rainfall-
available soil moisture at harvest = water used by the crop. This
value is the sum of the water transpired by plants and water lost
"by evaporation from the soil surface, by surface runoff and by deep
percolation.
Materials and Methods
In I96U all plots were seeded with a 1^-foot drill mounted on an
Allis Chalmers "G" tractor. Winter wheat was seeded with hoe type
openers spaced 12 inches apart and spring small grains were seeded with
single disc openers spaced 8 inches apart. A fertilizer applicator
was mounted on the tractor so fertilizer could be placed in the same
furrow as the seed.
Plot size was k feet by 1+0 feet for all plots. Yields were
obtained by harvesting 2 rows of winter wheat or 3 rows of spring
small grain for a measured distance of 30 to 35 feet.
In 1965 and 1966 all plots were seeded with a U-foot press drill
with 6 inch spacings (winter wheat was not planted). All fertilizer
was placed with the seed except where high rates of nitrogen and potassium
were used. Then one-half portion of the nitrogen was broadcast over the
top of the rows after seeding. Plot size was U feet by UO feet. Four
rows were harvested for a measured distance between 30 and 35 feet. The
grain was harvested with a small self-propelled combine. In all 3 years
the yields and test weights reported at each site are the average of
four replications. Protein content was determined on a composite sample
of the four replications and calculated on a lU-percent moisture basis.
The fertilizers used in the experiments to make up the fertilizer
treatments were:
1. 33-0-0 Ammonium nitrate
2. 0-U6-0 (0-20-0 elemental basis) treble super phosphate
3. 0-0-60 (0-0-50 elemental basis) muriate of potash
k, 22-22-0 (22-10-0 elemental basis) nitric phosphate
Fertilizer rates are expressed as elemental P and K in the report.
To convert P to ^2^5 multiply the P rate by 2.3. To convert K to K2O
multiply the K rate by 1.2. Agronomists and some fertilizer companies
agree that it would be sinqplier and clearer to show phosphorus and
potassium as the elements P and K instead of the oxides P2^5 K2O.
All other elonents such as nitrogen, zinc, magnesium, etc. are reported
as the element. The South Dakota fertilizer law requires that the
fertilizer manufacturer giiarantee the plant food content of his products.
Therefore the product must contain the amount of plant food reported
on the label. Some fertilizer companies are using dual labeling now.
This means that along with the ^2^3 ^2^ content being reported as
required by law, they are also reporting the percent phosphorus (P)
and potassium (K) in the fertilizer.
Statistical Analysis
Variation is a characteristic of all experimental material.
Vfioriation in field fertilizer experiments come from two sources:
(1) the natural variability of the crops and soils to which the fertilizer
treatments are applied and (2) the method and uniformity of seeding,
fertilizing, etc. and the accuracy of measurement of the yield, etc.
Experimental error is a measure of this variation. All of the fertilizer
treatments were replicated four times at each location to determine the
experimental error.
The variation caused by fertilizer treatments is separated from
the variation caused by experimentsLl error by analysis of variance. The
treatment variation is then compared to the experimental error. If the
ratio is larger than certain statistical, values, the treatments are
considered to have significantly changed the yield and the yield change
was a real difference.
Analysis of variance was determined on most experiments. The
experimental error from the analysis of variance was converted to a
bushel error by the method of Dunnett. Dunnett's test allows one to
compare any fertilizer treatment with the check treatment. In the
discussion, the values for Dunnett's test are listed for each cooperator's
yield data. If, for example, Dunnett's test lists a yield of 2.1 bushels
per acre for N (nitrogen), it means that the average yield for a nitrogen
rate must be 2.1 bushels per acre greater than the check treatment (ON)
to be a real increase above the check treatment. When Dunnett's test shows
a yield for NP (nitrogen + phosphorus), it means that any fertilizer
treatment can be compared to the check treatment to determine if a real
difference exists. Dunnett's experimental error values were calculated
at the probability level. This means that any fertilizer treatment
showing a real yield increase will do so 95^ of the time.
)erimental Results
The weather encountered during the 196U growing season was
characterized by a dry period at planting time, which resulted in poor
or uneven stands at some locations. Inadequate rainfall was received
at some locations throughout the season, resulting in a failure to
produce a crop at two sites and limiting the yield at most other sites.
Good stands were obtained at the winter wheat sites. However,
wheat streak mosaic infection tended to cause variation in growth and
yield that could not be attributed to fertilizer application.
Location, cooperator, experimental crop and other information
about the plot sites are shown in Table 1. Winter wheat was established
at three sites that had been fallowed in 19^3. The experiments involved
3 rates of nitrogen and h rates of phosphorus. Treble superphosphate
and nitric phosphate were also compared at two rates. Twelve spring
smt^?.l grain xcriility trials were established on fields that had been
cropped the yrar before. These experiments involved levels of nitrogen,
k of phorphorus and 2 levels of potassium. IHto spring wheat
plots were .noc harvested. The Charles Mix County- Kriz site was very
weed/ fwid the Cjark County- Seefeldt site dried out. The Spink County-
Dennis barley not harvested because of the variable growth
caused by droughty conditions. The Roberts Coiinty- Wieser barley plot
was not harvested.
Soil test results are shown in Table 2. Organic matter content
of the surface sell rc.r-ged from a high of 3.2^ at the Brown County- Ruden
site to a Itw of 1.3% at the Gregory County- Corny site. Sc-luble nitrate
nitrogen in the soil profile at seeding time was very high in two of the
fellow soils (Sully County- Young and Hughes County- Stewart) and fairly
low in the M5ner County- Walter soil. Available soil chospherus (Eray ^5^1)
in the surface ranged from JO lbs. of P/tcre at the Cully C'comty- Yoimg
location to f.6 lbs of P/acre at the Brown County- Nygaard location.
Exchangeable potassium in the surface soil was high at all sites. Surface
soil pH ranged from 6.2 to 7.3. Soluble salts were low in all soil profiles,
Winter Wheat- (Fallowed Land)
The yield, test weight and protein results are shown in Table 5.
The Sully County and Hughes County- Stewart sites did not show a yield
increase to applied nitrogen or phosphate. The Hughes County- Stewart
site had considerable wheat streak mosaic disease present. The damage
was more severe in some parts than in other parts of the plot. This
may explain why there were no significiant differences found at this
location.
The Sully County site had a very high phosphorus soil test and
a high nitrate nitrogen level in the soil profile. The high soil tests
were probably the reason no yield increase was obtained.
The Hughes County- Hauschild site showed a 2.5 bushel increase
from 15 pounds of nitrogen and h,k bushel per acre increase from 30
pounds of nitrogen per acre. This soil was much lower in nitrate
nitrogen than the Sully County site and it was also below 2% organic
matter which indicates nitrogen availability was low on this summer
fallowed field. No yield increase was obtained from an application of
phosphorus.
Test weight was not affected by applications of fertilizer.
Protein content was increased iS with an application of 30 pounds of
nitrogen at the Hughes County- Hauschild location. Fertilizer did not
influence protein content of winter wheat at the other locations in
196U.
Another phase of the winter wheat experiments was to compare two
sources of phosphate, treble superphosphate and nitric phosphate (22-22-0)
The yields, test weights and protein contents are shown in Table 6.
Since a yield increase was not obtained when phosphorus was applied at
these sites the phosphorus sources cannot be evaluated.
It is interesting to note the water "use" by"the winter wheat
shown in Table h. Since phosphorus did not increase the grain yield
it did not increase the water use efficiency of the winter wheat (bu/in
water).
Spring Wheat on Continuous! )ed Land
Yield, test weight and protein content of the spring wheat trials
are sho^m in Table 7 for various rates of nitrogen and phosphorus.
At the Brown County- Nygaard location, the yield was increased
by addition of nitrogen, phosphorus and the combination of nitrogen
and phosphorus. The treatment 3CH-10+0 (30^23'*'0 oxide basis) increased
the yield about 6 bushels. Sixty pounds of nitrogen with phosphorus
lowered the yield slightly. Nitrogen alone or phosphorus alone did
not increase the yield. Test weight was increased slightly when 15
or 30 poimds of nitrogen were applied. Protein content was not affected
by fertilizer.
At the Ruden site in Brown County, 10 pounds of phosphorus
(23 pounds of PpOc) increased the yield h bushels. Nitrogen, on the
average, did not increase the yield. Test weight was not changed by
an application of nitrogen or phosphorus. Protein content increased
in a progressive manner as nitrogen weis applied. Sixty pounds of
nitrogen increased the protein content 2.55^.
No significant yield increases were obtained at the Spink County-
Schween location with the application of fertilizer. The yield results
were quite variable. Test weight and protein content were not influenced
by fertilizer applications.
At the Bergerson site in Faulk County, adl rates of nitrogen
significantly increased the yield above the check, with 60 pounds of
nitrogen increasing the yield about 6 bushels. Phosphorus increased
the yield significantly at the 20 pound rate of P per acre. A com
bination of nitrogen and phosphorus tended to produce the largest yields.
Test weight and protein content were not influenced by an application of
nitrogen and phosphorus.
Thirty pounds of nitrogen per acre increased the yield about 3.5
bushels per acre at the Charles Mix County- McGuire site. This increase
was found \mder very dry conditions (3.15 inches reported) and at a very
low yield level. Protein was also increased by the application of
nitrogen. Phosphorus had no effect on yield, test weight, or protein
content.
Wheat yields at the Gregory County- Norberg location were good
in 196U. This location received 12.50 inches of rainfall during the
growing season. Sixty pounds of nitrogen per acre increased the yield
of wheat 6 bushels per acre. Phosphorus tended to increase the yield
of wheat slightly. Test weight was not influenced by fertilizer. Sixty
pounds of nitrogen per acre increased the protein content 1.3^.
Yield, test weight and protein content of the oat trisils are
shown in Table 8 for various rates of nitrogen and phosphorus. The yield
of oats was increased by an application of nitrogen or phosphorus and
tended to increase more when both nutrients were applied together at
the Gregory County- Cemy location. Thirty pounds of nitrogen and
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10 poiinds of phosphorus (23 Ihs of P2^5^ P®** acre produced about the
largest yield increase. Test weight nor protein content was changed
by an application of fertilizer.
The yield increases from fertilizer at the Walter location in
Miner County were very similar to the yield increases at the Gregory
County Cemy location. Thirty pounds of nitrogen and 10 pounds of P
per acre produced about the highest yields. Test weight was not
changed by an application of fertilizer, but the protein content of
the oats increased 2.3Jt with an application of 60 pounds of nitrogen
per acre.
Potassium Results
Along with the rates of nitrogen and U rates of phosphorus
applied, an additional treatment was applied which contained nitrogen,
phosphorus and potassium (30+10+15 elemental or 30+23+18 oxide basis).
The yield, test weight and protein content of the 30+10+15 and 30+10^0
treatments at each location are shoim in Table 9. Potassium fertilizer
appeared to increase the yield of wheat at the Faulk County Bergerson
location. Yields were quite variable at this site which may mean that
this yield difference was due to experimental error. Two other
locations showed yield decreases when 15 pounds of K were applied per
acre. Test weight and protein content were not influenced by potassium
fertilizer.
Water Use I96U
Table k shows the amount of water "used" to produce the smsill
grain crop. This includes the rainfall plus the amount of water taken
from the soil during the growing season. One objective of good crop
production is to make the best possible use of the available water.
Any factor that promotes high yields will improve the water \ise
efficiency of the crop. This is illustrated in Table k. When the
fertilizer treatment did not increase the yield, it did not increase
the water use efficiency of the crop. The water use efficiency was
poor at some locations and good at others. The highest water use
efficiency for wheat (2.2 bushels per inch of water used) was reported
at the Brown County Ruden site. For the oat crop, the highest water
use efficiency was about 3 bushels per inch of water used at the
Gregory County Cemy site.
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Table 9. The Influence of Potassium Fertilizer on the Yield, Test
Weight and Protein Content of Spring Small Grain Grown on
Outlying Plots in I96H.
Treatment
N+P+K, Lbs/A
30+10+0
30+10+15
30+10+0
30+10+15
30+10+0
30+10+15
30+10+0
30+10+15
30+10+0
30+10+15
30+10+0
30fl0+15
30+10+0
30+15+0
30+10+0
30+10+15
Test Weight
Lbs/Bu,
SPRING WHEAT
BROWN COUNTY NYGAARD
17.0 5^
15.0 5k
BROWN COUNTY RUDEN
17.2 5^
SPINK COUNTY SCHWEEN
11.U 56
12.7 56
FAULK COUNTY BERGERSON
9.k 55
12.3 56
CHARLES MIX COUNTY MC GUIRE
Q.k 57
8.5 57
GREGORY COUNTY NORBERG
25.2 56
26.9 55
OATS
GREGORY COUNTY CERNY
38.7 36
30.1 35
MINER COUNTY WALTER
20.6 k2
20.9 k2
12.0
11.6
13.0
13.6
15.2
15.0
12.7
13.2
lU.U
12.6
13.6
13.U
)erimental Results
Spring small grain yields were generally very good throughout
South Dakota in 19^5. The high grain yields were due to timely and
adequate rainfall and slightly below normal temperatures during the
greater part of the growing season. The Edmunds County Volk site re
ported the lowest rainfall amount, 7.7^ inches, while the Charles Mix
County Uherka site reported the highest rainfall amount, 12.60 inches,
for the growing season (Table 12).
The location of the experiments, cooperators and experimental
crops are shown in Table 10. All plots were seeded between April 9
and April 22, 1965. Spring wheat was planted at four locations, barley
at three locations and oats at one location.
Soil test results for the soil profile at each site are reported
in Table 11. The organic matter content of the surface soil ranged
from 1.5^ in the Hecla sandy loam (Brown County Wright site) to h,l% in
the Barnes-Aastad loam (Day County Dedrickson site). Nitrate nitrogen
was relatively low in all soil profiles. Available phosphorus (Bray jj'l)
of the surface soil ranged from 12 lbs. of P/acre in the Barnes-Aastad
loam (Dedrickson site) to i+8 lbs. of P/acre in the Houdek loam (Schween
site). Exchangeable potassium was high at all sites ranging from 330
to 533+ lbs. of K per acre in the surface soil. The pH of the surface
soil was neutral to slightly acid at all sites except the Dedrickson
site where the surface was adkaline (pH 7.5). Two soil profiles showed
considerable soluble salt at the lower depths (Beotia silt loam at the
Spink Coimty Dennis site and Bames-Aastad loam at the Dedrickson site).
Spring Wheat
Yield, test weight and protein content of the spring wheat
fertilizer trials in 1965 are shown in Table ih. Good yield increases
were obtained from fertilizer at all locations.
The Brown County Wright site was located on a sandy loam soil.
In general, 30 pounds of nitrogen and 5 pounds of P (12 lbs. P2O5)
produced the highest wheat yields. Test weight and protein content
changed very little with fertilizer applications.
A phosphorus response was observed at the Edmunds County Volk
site. The wheat yield increase was about 5.5 bushels per acre for 5
pounds of P per acre, 6.7 bushels per acre for 10 pounds of P per acre
and 7.9 bushels per acre for 20 pounds of P per acre. Fifteen pounds
of nitrogen tended to increase the wheat yield slightly. The protein
content was increased by an application of nitrogen (1.8/K for 60 pounds
of nitrogen). Test weight seemed to increase as more P was applied.
Spring wheat yields at the Day County Dedrickson site were very
good in 1965. The highest yield reported was ^8.1 bushels of wheat per
acre. Nitrogen produced larger yield increases when phosphorus was
applied with the nitrogen and phosphorus produced larger yield increases
when nitrogen was applied with the phosphorus. The protein content of
the wheat was increased as nitrogen application rates increased. Test
weights were not changed by fertilizer applications.
At the Spink County Schween site, the wheat yield increases were
due to applied nitrogen. In general, the yield was increased 3.8, 9.^
and 16.1 bushels per acre when 15, 30 and 60 pounds of nitrogen were
applied, respectively. This location had a high soil test for phosphorus
(i^8 lbs. P/acre) and an organic matter test of 2.6^. Protein content and
test weights changed slightly when fertilizer was applied.
Barley
Yield, test weight and protein content for the fertilizer ex
periments with barley in 19^5 are shown in Table 15.
At the Spink County Dennis location nitrogen only increased the
yield of barley. The barley yield increased 6, 11 and 20 bushels per
acre when 15, 30 and 60 pounds of nitrogen were applied, respectively.
Test weight and protein were not increased by fertilizer.
Nitrogen fertilizer increased the yields considerably at the
Charles Mix Coimty Uherka site while phosphorus fertilizer showed a
smaller but significant yield increase. Sixty pounds of nitrogen
increased the barley yield about 15 bushels per acre. The barley yield
was increased about bushels per acre when 20 pounds of P were applied
per acre. Fertilizer had very little effect on test weight, but the
protein content was increased with 60 pounds of nitrogen applied per
acre.
The most striking yield increases from fertilizer were obtained
at the Warnke site in Gregory County. The barley yield was 19.0 bushels
per acre for the check treatment and 58.3 bushels per acre for the
60+^20+0 (60+^6+0 oxide basis) treatment. Note that the highest yields
were obtained when both nitrogen and phosphorus were applied at high
rates. Rainfall for the growing season was 12.^<0 inches which accounts
for the high yields obtained when fertilizer was applied. Test weight
and protein content were not changed by applications of fertilizer.
The one fertilizer trial with oats was established in Miner County
in 1965. The yields, test weights and protein contents are reported in
Table 16. Higher rates of nitrogen were applied at this site. Tippecanoe,
a short, stiff strawed oat variety was planted. The high rates of nitrogen
were applied to observe the yield ability and lodging resistance of
Tippecanoe oats at high levels of available nitrogen. Lodging was not a
problem. However, the oat yields were not exceptionally high. Sixty
po\mds of nitrogen increased the yield about 20 bushels per acre (average
of U rates of P). Phosphorus fertilizer did not increase the yield
significantly although there was a good tendency for phosphorus to increase
the yield. The 60+5+O treatment produced a yield of 8U.1 bushels of oats
per acre. Test weight appeared to decrease slightly as nitrogen was applied.
The protein content was increased 2,h and 3*3% for 60 and 120 pounds of
nitrogen per acre, respectively.
Potassium Results 19^5
The effects of potassium fertilizer on yield, test weight and
protein content are shown in Table IT. A slight yield increase was
obtained from an application of 15 pounds of K per acre at two locations
planted to spring wheat. Both of these locations (Edmunds County Volk
and Spink County Schween) are Houdek loam soil types and are located in
the same geographical area. The yield increase was about 3 bushels of
wheat per acre. No explanation can be given for the large yield re
duction observed when poteissium fertilizer was applied on oats at the
Walter site in Miner County. Test weights and protein contents were
fairly similar for the K and no K treatments.
Water Use 19^5
As mentioned in the I96U discussion, water use efficiency improves
as crop yields increase. Crop yields were very good in 1965, so water
use efficiency was very good. The highest water use efficiency values
were 2.8 bushels of wheat, 3.3 bushels of barley and 6.U bushels of oats
per inch of water used (Table ^). Fertilizer increased the yield of
grain at all locations and therefore increased the water use efficiency
at all locations.
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Table 17. The Influence of Potassium Fertilzier on the Yield, Test
Weight and Protein Content of Spring Small Grain Grown on
Outlying Plots in 1965.
Treatment
N+P+K, Lbs/A
30+10+0
30+10+15
30+10+0
30+10+15
30+10+0
30+10+15
30+10+0
30+10+15
30+10+0
30+10+15
30+10+0
30+10+15
30+10+0
30+10+15
60+10+0
60+10+15
Test Weight
Lbs/Bu.
WHEAT
BROWN COUNTY WRIGHT
28.0 63
28.9 63
EDMUNDS COUNTY VOLK
29.3 62
DAY courm DEDRICKSON
SPIITK COUNTY SCEUEEN
27.9 6U
31.0 63
BARLEY
SPINK COUNTY DEMIS
CHARLES MIX COUNTY UHERKA
iiU.6 1+8
1+3.8 1+8
GREGORY COUNTY W.^NKE
OATS
MINER COUNTY WALTER
11.1
11.9
10.8
12.1
Experimental Results
Soil moisture conditions were satisfactory at all locations at
seeding time to obtain uniform and adequate stands. However, air
temperatures were much below normal during April and parts of May and
caused slow growth of the grain. Rainfall was below normal for May and
parts of June which also slowed the growth of the grain. Rainfall was
high during the latter part of June and early part of July which caused
considerable weed growth at some locations. The Spink County Steger
and Spink County Goldin locations were very weedy and difficult to
harvest. The rainfall record for each location is shown in Table 20.
The Edmunds County Haar site reported the lowest rainfall amount, 6.00
inches, and the Spink County Steger location reported the highest
rainfall amount, 12.63 inches.
The cooperator, location, past management and experimental crops
are reported in Table 18. Due to the early spring, the first plot was
seeded March 30, 1966. However, the last plot was seeded April 25, 1966
because of adverse weather during April. Ten plots were established
in 1966. The Hutchinson Coimty Fredrick plot was lost to hail. All
other plots were harvested with the exception of the oat portions at the
Spink County Steger and Spink County Goldin sites.
Soil test results for the soil profiles are reported by location
in Table 19. The organic matter content of the surface soils ranged
from 2,\% at the Tripp County Bertram site to at the Tripp County
Fisher site. Four sites had an organic matter content above h% which
is considered to be high for nitrogen availability.
Soluble nitrates were generally low in the soil profile. The
Codington County Mack site had the highest soluble nitrate level at
planting time.
Available phosphorus soil tests (Bray #l) for the surface soils
varied from a high of 6l pounds of P per acre to a low of 12 pounds of
P per acre. Exchangeable potassium soil tests were lower at two sites
than any reported in I96U or I965. The Codington County Mack location
had a surface soil test of IUt pounds of K per acre and the Agricultural
Engineering Farm in Brookings County had a surface soil test of 20U
poimds of K per acre. Note the drop in exchangeable potassium at the
lower soil depths. The Tripp Coiaity Fisher location had a surface soil
pH of T.8 which was calcareous while the other surface soils were near
neutrality or slightly alkaline. Soluble salts were low in most soil
profiles with the exception of the Spink Cotinty Goldin location.
Spring Wheat
Yield, test weight and protein content of the spring wheat
fertilizer trials for 1966 are shown in Table 22 for each location.
At the Spink County Goldin location fertilizer did not increase
the yield of wheat and in some cases decreased the yield of wheat. This
site had an under seeding of alfalfa, therefore, it was not sprayed for
broadleaf weeds and consequently was taken over by weeds when the heavy
rains came in late June. Prior to this time it had been rather dry and
the growth of the wheat was short. Test weight appeared to decrease
slightly as the rate of nitrogen increased. Protein content increased
about 2% when 60 pounds of nitrogen were applied per acre.
Fertilizer was more effective at the other Spink County location
(Steger). Nitrogen significantly increased the spring wheat yield.
Phosphorus fertilizer seemed to increase the yield more than nitrogen,
however, the analysis of variance did not show the phosphorus effects
to be significant. The soil at this site was lower in organic matter
and available phosphorus than the Goldin site. For practical purposes,
fifteen pounds of nitrogen and 5 pounds of P per acre produced the
highest yields at this site. Fertilizer had very little effect on
test weight or protein content of the wheat.
The Edmunds County Haar location had soil tests similar to the
Steger location and showed similar responses to nitrogen and phosphorus,
except the analysis of variance showed phosphorus to be significant at
this location. It appears that 15 pounds of nitrogen and 5 pounds of
P (12 pounds of P2O5) per acre produced the most satisfactory yield
response. Test weight dropped 2 Ibs/bu. while the protein content in
creased 2,2% when 60 pounds of nitrogen were applied per acre.
Barlej
The yield, test weight and protein content for the 1966 fertilizer
trials on barley are shown in Table 23.
A phosphorus fertilizer response was obtained at the Codington
County Mack location. Twenty pounds of P (U6 pounds of PpO ) per acre
increased the yield of barley 13.8 bushels per acre. Soluble nitrates
in the soil profile at planting time at this site were relatively high
and may be the reason no yield response wan obtained from applied
nitrogen. Test weights appeared to have been lowered by the higher
application rates of nitrogen. Protein content was increased l.Q% when
60 poimds of nitrogen were applied.
At the Deuel County Christopherson location, the barley yield was
increased by an application of nitrogen or nitrogen and phosphorus. The
highest yields occurred where 60 pounds of nitrogen and 10 or 20 pounds
of P had been applied per acre. The organic matter test was h,9% at this
site which is higher than at the Mack site, but soil nitrates were about
1/2 the amount found at the Mack site. The low soil nitrate level at this
site may explain the yield increase obtained from applied nitrogen. Test
weight was not influenced by fertilizer. The protein content increased
about 1.0/5 with the application of 6o pounds of nitrogen per acre.
The yield, test weight and protein content of the oat fertilizer
trials are shown in Table 2k.
Fertilizer did not increase the yield of oats at the Turner County
Schmidt location. This soil had an organic matter test of k.1% and a
phosphorus test of 37 lbs. of P/acre which indicates the soil was rather
high in fertility. Test weight was not affected by fertilizer. The
protein content of the oats increased 1.7^ when 60 pounds of nitrogen
were applied per acre.
Oat yields were not increased with an application of fertilizer
at the Tripp County Bertram site. Nitrogen at the rate of 60 pounds of
N per acre increased the protein content of the oats 2.^% and tended to
lower the test weight.
At the Tripp County Fisher location, nitrogen fertilizer at the
rate of 30 or 60 pounds per acre significantly increased the yield of
oats (9 and 12 bushels respectively). Phosphorus fertilizer did not
have any effect on yield. All three oat locations had phosphorus soil
tests between 30 and Uo pounds of P per acre and no yield response to
phosphorus fertilizer was observed. The organic matter content varied
from 2.U/5 to 5.1^ with the soil containing 5»1% organic matter (Tripp
County Fisher) showing the only yield response to nitrogen fertilizer.
This site has a clay soil texture while the Turner County Schmidt site
is a loam and the Tripp County Bertram soil is a sandy loam. Test
weight changed very little with fertilizer applications. Protein
content increased slightly as the rate of nitrogen increased.
Potassium Results
In I96U and I965 potassium fertilizer at one rate was compared
with a fertilizer treatment containing no potassium and it appeared
that a yield increase might occur in some areas of South Dakota.
In 1966 four rates of potassium; 0, 5, 10 and 20 pounds of K per acre,
were compared at 2 rates of nitrogen; 30 and 60 pounds of N per acre.
Phosphorus was held constant at 10 pounds of P (23 Ihs. P2®5^ acre.
The yield, test weight and protein content for the potassium fertilizer
trials are shown in Table 25. In I966 no significant yield increases
were observed when potassium fertilizer was applied. Test weight and
protein content were not affected by an application of potassium fertilizer,
In 1966 a new objective was added to the small grain fertilizer
trials. It is to compare the yields of barley, oats and wheat at one
location with different fertilizer applications. In this way the yield
potential of each crop could be compared and the pattern of fertilizer
response for each spring small grain could be compared at each location.
The yield, test weight and protein content of the small grains at each
location are shown in Table 26.
Economic values have not been placed on the small grain yields to
compare gross income from each crop. The reader can do this by choosing
the appropriate market value for each crop. In comparing the small grain
crops, one objective was to determine if the 3 small grain crops would
respond similarly to fertilizer. To do this variations from the crop,
the fertilizer treatment and the crop x fertilizer interaction were
separated by analysis of variance (AOV). Fertilizer treatment variations
were found to be significantly different from the check treatment at
several locations. The phra,se below the yield data "AOV for treatment
significant at .01" means that fertilizer treatments significantly increased
the yield at the 99/^ level of probability. If it is "AOV for treatments
N.S." it means that the fertilizer treatments did not increase the yield.
The same holds for the crop x treatment interaction. If treatments were
found to be significant and the interaction was found to be non-significant,
it means that all 3 small grain crops responded to fertilizer and that
they responded in the same manner. If the interaction was found to be
significant, it means that each small grain responded to fertilizer
differently.
At the two Spink County locations only two small grains, barley
and wheat, were harvested. The Goldin site showed no significant yield
increase to fertilizer, however, a crop x treatment interaction was
observed. Barley yields were increased by an application of nitrogen
and phosphorus but wheat yields were not increased. At the Steger site
fertilizer treatments significantly increased the yields of barley and
wheat, but the yield response was due to different fertilizers as shown
by the significant crop x treatment interaction. The main wheat yield
increase was due to nitrogen and phosphorus and the main barley yield
increase was due to phosphorus. Test weights did not change substantially
when fertilizer was applied. Protein content was increased by nitrogen
applications. More information is needed to determine why an interaction
between crop yield and fertilizer treatment wa,s found at these two sites.
A combination of 30 pounds of nitrogen and 10 pounds of P per acre
produced the largest yields at the Edmunds County Haar location. No crop
X treatment interaction was observed. Test weights were not chamged by
fertilizer applications. Nitrogen increased the protein content of all
3 crops.
Fertilizer treatments significantly increased the yield at the
Deuel County Christopherson location. Wheat showed only a small yield
increase to fertilizer at this site. Nitrogen fertilizer seemed to
produce the largest yield increases. Fertilizer did not influence test
weight or protein content substantiailly. There was no crop x treatment
interaction at this location.
There were no yield increases from fertilizer at the Turner County
Schmidt site. No interaction was observed. Test weights were changed
slightly with different fertilizer treatments. When nitrogen was applied
the protein content of oats increased more than wheat or barley.
At the Tripp County Bertram location, fertilizer treatments did
not increase the yield of the smsill grain and no crop x treatment inter
action was observed. Note the low spring wheat yields at this site.
Test weights were not affected i^y fertilizer. Nitrogen fertilizer
increased the protein content of oats more than 2^, wheat almost Vf» €uad
barley slightly.
All crops at the Tripp County Fisher site showed a good yield
increase to 30 pounds of nitrogen per acre. The barley crop also showed
some yield increase from applied phosphorus. However, there was no crop
X treatment interaction. Note the low yield of spring wheat at this site.
Ferti].izer did not affect the test weight of the three crops. Protein
content of oats and wheat tended to increase as nitrogen was applied,
but the protein content did not change for the barley.
Date of Plantin#
Date of planting is an important factor in obtaining high small
grain yields. A date of planting experiment with barley was established
at the Deuel County Christopherson location in 1966. The yield, test
weight and protein content for barley planted at 2 dates is shown in
Table 27. Thirty and sixty pounds of nitrogen and 3 rates of potassium
were compared. The yield response from potassium cannot be compared
because 30+10+0 and 60+10+0 treatments were not applied for both dates
of planting in this experiment. On the average, a 2 1/2"week delay in
seeding reduced the yield 8 bushels per acre and increased the protein
content 1.7>^.
Irrigated Oats
One experiment was designed to study the effects of high rates of
nitrogen on the yield of oats under irrigation. Due to problems of getting
water to the site, the plot was not irrigated. However, the yields and
test weights are shown in Table 28 and 29 to show the yield increases
obtained. There was great variability among replications at this site due
to soil differences in the plot area. Yields were almost tripled between
replicate 1 and k, therefore the experimental error was very large.
However, there was a tendency for nitrogen to increase the yield of oats.
In Table 29 yields are shown for two rates of nitrogen and 3 rates of
potassium. Potassium effects cannot be measured because the treatments
30+10+0 and 60+10+0 were not applied. Test weight was not changed by
the high rates of nitrogen.
Water Used 19^6
Water use efficiency was very good at some locations in 1966.
Over 5 bushels of oats per inch of water were produced at two locations.
At the Deuel County Christopherson location k bushels of barley per inch
of water were produced. The lowest water use efficiency occurred at the
Spink CoTUity Steger location were a large amount of rainfall was received
late in the growing season after the grain had filled. Timely rainfall
is also needed to obtain high water use efficiency values.
T
ab
le
l8
.
C
o
u
n
ty
,
C
o
o
p
er
at
o
r,
L
eg
al
D
e
sc
ri
p
ti
o
n
,
P
la
n
ti
n
g
an
d
H
ar
v
es
ti
n
g
D
at
e,
E
x
p
er
im
en
ta
l
C
ro
p
,
V
ar
ie
ty
an
d
P
a
st
M
an
ag
em
en
t
o
f
19
66
S
m
al
l
G
ra
in
E
x
p
er
im
en
ta
l
S
it
e
s.
C
o
u
n
ty
C
o
o
p
er
at
o
r
S
p
in
k
E
.
S
te
g
e
r
S
p
in
k
J
.
G
o
ld
in
E
d
m
u
n
d
s
I
,
H
a
a
r
C
o
d
in
g
to
n
W
,
M
ac
k
D
a
te
D
at
e
E
x
p
e
ri
m
e
n
ta
l
V
a
ri
e
ty
P
a
s
t
M
an
ag
em
en
t
>e
c»
T
vp
.
R
n.
P
la
n
te
d
H
ar
ve
st
ed
C
ro
p
o
r
H
yb
ri
d
19
63
8
12
0
65
U
/O
T
/6
6
7
/3
0
/6
6
W
he
at
,
C
h
ri
s
O
at
s
B
a
rl
e
y
D
a
rk
e
r
&
O
a
ts
B
ra
v
e
U
11
9
6U
U
/0
6/
66
7
/3
0
/6
6
W
he
at
,
C
h
ri
s
S
m
al
l
G
ra
in
B
a
rl
e
y
D
a
rk
e
r
&
O
a
ts
B
r
a
v
e
28
12
1
72
U
/1
5/
66
7
/2
9
/6
6
W
he
at
,
C
h
ri
s
C
or
n
B
a
rl
e
y
D
a
rk
e
r
&
O
a
ts
B
r
a
v
e
27
11
7
51
U
/2
5/
66
7
/2
7
/6
6
W
he
at
,
C
h
ri
s
B
ar
le
y
D
eu
el
I.
C
h
ri
st
o
p
h
er
so
n
27
ll
U
1^
8
U
/l
U
/6
6
7
/2
6
/6
6
C
ro
p
o
r
H
y
b
ri
d
1
9
6
5
W
h
e
a
t,
C
h
r
is
O
a
ts
B
a
rl
e
y
D
a
rk
e
r
&
O
a
ts
B
ra
v
e
W
h
e
a
t,
C
h
r
is
S
m
a
ll
G
r
a
in
B
a
rl
e
y
D
a
r
k
e
r
&
O
a
ts
B
r
a
v
e
W
h
e
a
t,
C
h
r
is
C
o
rn
B
a
rl
e
y
D
a
r
k
e
r
&
O
a
ts
B
r
a
v
e
W
h
e
a
t,
C
h
r
is
B
a
rl
e
y
B
a
rl
e
y
D
a
r
k
e
r
&
O
a
ts
D
o
d
i
W
h
e
a
t
C
h
r
is
C
o
rn
B
a
rl
e
y
D
a
r
k
e
r
&
O
a
ts
D
o
d
i
O
a
ts
T
y
le
r
C
o
rn
W
h
e
a
t,
C
h
r
is
C
o
rn
B
a
rl
e
y
D
a
r
k
e
r
&
O
a
ts
B
r
a
v
e
W
h
e
a
t,
C
h
r
is
C
o
rn
B
a
rl
e
y
D
a
r
k
e
r
&
O
a
ts
B
r
a
v
e
W
h
e
a
t,
C
h
r
is
W
in
te
r
W
h
e
a
t
B
a
rl
e
y
D
a
r
k
e
r
&
O
a
ts
B
ra
v
e
W
h
e
a
t,
C
h
r
is
B
a
rl
e
y
D
a
r
k
e
r
&
O
a
ts
B
r
a
v
e
B
ro
o
k
in
g
s
A
g
E
n
g
F
ar
m
T
u
r
n
e
r
C
.
S
c
h
m
id
t
T
ri
p
p
T
ri
p
p
D
.
B
e
r
tr
a
m
H
.
F
is
h
e
r
H
u
tc
h
in
s
o
n
R
.
F
r
e
d
r
ic
k
21
1
0
9
50
U
/1
3
/6
6
7
/2
3
/6
6
1
2
99
55
U
/1
3
/6
6
T
/2
5
/6
6
1
9
96
75
U
/0
1
/6
6
7
/1
9
/6
6
32
99
76
3
/3
0
/6
6
7
/1
8
/6
6
T
ab
le
19
.
S
o
il
T
yp
e,
O
rg
an
ic
M
at
te
r,
N
it
ra
te
N
it
ro
ge
n,
S
ol
ub
le
P
ho
sp
ho
ru
s,
E
xc
ha
ng
ea
bl
e
P
ot
as
si
um
,
pH
an
d
S
o
lu
b
le
S
a
lt
C
on
te
nt
o
f
th
e
S
o
il
P
ro
fi
le
s
fr
om
th
e
19
66
E
xp
er
im
en
ta
l
S
it
es
.
C
o
u
n
ty
a
n
d
C
o
o
p
e
ra
to
r
S
p
in
k
(G
o
ld
in
)
S
p
in
k
(s
ta
g
e
r)
E
d
m
u
n
d
s
(H
a
a
r)
C
o
d
in
g
to
n
(M
ac
k)
S
o
il
T
y
p
e
S
a
m
p
le
N
u
m
b
e
r
H
ar
m
on
y
s
ic
l
35
^3
3
5
h
3
3
5
^
6
3
5
h
l
3
^h
3
H
o
u
d
ek
1
3
5
6
7
3
5
6
9
3
5
7
0
3
5
7
1
3
5
7
2
/W
il
li
am
s
1
3
6
3
7
3
6
3
9
36
U
O
3
6
U
I
W
il
li
a
m
s
1
B
ro
o
k
in
g
s
s
il
D
e
u
e
l
S
in
g
sa
ss
s
il
(C
h
ri
st
o
p
h
er
so
n
)
D
ep
th
O
rg
an
ic
N
it
ra
te
S
o
lu
b
le
E
x
ch
an
g
ea
b
le
pH
S
o
lu
b
le
In
M
a
tt
e
r
N
it
ro
g
e
n
P
h
o
sp
h
o
ru
s
P
o
ta
ss
iu
m
1
:1
S
a
lt
s
In
ch
es
%
pp
m
N0
3»
N
lb
s
P/
A
.
lb
s
K
/A
.
D
ilu
tio
n
mm
ho
/cm
W
H
E
A
T
0
-6
3
.9
1
3
.6
3
7
5
3
3
+
7
.5
1
.5
3
6
-1
2
2
.5
5
.8
1
3
1+
07
7.
1+
1
.0
6
1
2
'2
k
1
.2
2
.7
0
5
2
9
6
7
.7
1
.3
8
2
U
-3
6
.6
2
.2
0
6
19
1+
8
.0
1+
.7
0
3
6
-U
8
.5
1
.0
0
5
2
0
5
8
.1
7.
1+
3
0
-6
2
.6
1+
.9
1
3
5
1
1
6
.7
.7
2
6
-1
2
1
.7
5
.6
0
7
3
7
1
6
.9
.5
2
1
2
-1
8
1
.0
1+
.3
0
3
2
8
9
7
.2
.1
+
7
I8
-2
U
1
.1
2
.7
0
3
2I
+
8
7
.7
.1
+9
2
U
-3
O
.8
1
.6
0
3
2
1
9
8
.0
.5
8
0
-6
2
.6
8
.0
1
3
3
9
1
7
.1
.3
0
6
-1
2
2
.1
6
.9
0
6
32
1+
7
.3
.3
1
1
2
-2
U
1
.5
1
.3
0
3
2
6
9
7
.8
.3
0
2
I4
-3
6
1
.1
1
.2
B
A
R
L
E
Y
0
3
2
1
9
8
.2
.3
9
0
-6
3
.6
1
2
.3
1
7
1I
+
7
7
.0
.3
7
6
-1
2
3
.1
l+
.l
0
6
1
7
5
7
.1
.3
8
1
2
-1
8
1
.6
3.
1+
0
3
1I
+
8
7
.8
.3
7
1
8
-3
0
1
.1
1+
.9
0
2
1
2
5
8
.2
.
.1
+
1
3
0
.3
6
.6
9
.5
0
2
1
1
2
8
.3
.1+
1+
0
-6
U
.9
11
.1
+
1
2
2
7
8
6
.5
.3
3
6
-1
2
3
.9
2
.8
0
5
2
8
1
6
.5
.2
8
1
2
-2
1
+
1
.6
1
.6
0
2
2
9
3
6
.8
.3
0
2I
+
-3
6
1
.0
1.
1+
0
2
2
7
2
7
.6
.3
6
36
-1
+
8
.7
1.
1+
0
3
2
2
0
7
.9
.3
8
T
a
b
le
1
9
(C
o
n
ti
n
u
e
d
).
C
o
u
n
ty
a
n
d
C
o
o
p
e
ra
to
r
B
ro
o
k
in
g
s
(A
g
E
ng
Fa
rm
)
T
u
r
n
e
r
(S
ch
m
id
t)
T
ri
p
p
(B
e
rt
ra
m
)
T
ri
p
p
(F
is
h
e
r)
•
j
-
S
a
m
p
le
S
o
il
T
y
p
e
N
u
m
b
er
D
e
p
th
I
n
I
n
c
h
e
s
O
rg
a
n
ic
N
it
ra
te
M
a
tt
e
r
N
it
ro
g
e
n
%
pp
m
NO
^-N
S
o
lu
b
le
E
x
ch
an
g
ea
b
le
pH
S
o
lu
b
le
P
h
o
sp
h
o
ru
s
P
o
ta
ss
iu
m
1
:1
S
a
lt
s
lb
s
P
/A
.
lb
s
K
/A
.
D
il
u
ti
o
n
m
m
ho
/c
m
F
o
r
d
v
iU
e
1
3
6
5
7
0
-6
4
.3
6
.9
6
1
2
0
4
7
.3
.3
1
3
6
5
9
6
-1
2
3
.6
3
.5
1
3
1
2
8
7
.4
.3
5
3
6
6
0
1
2
-2
U
2
.1
1
.0
0
7
1
1
9
7
.7
.3
8
3
6
6
1
2
U
-3
6
1
.1
1
.2
0
3
1
0
7
7
.9
.3
4
3
6
6
2
3
6
-4
2
.4
1
4
5
3
7
.7
.3
6
H
o
u
d
e
k
1
3
5
9
1
0
-6
4
.1
1
2
.0
3
7
5
3
3
+
6
.7
1
.0
6
3
5
9
3
6
-1
2
2
.7
5
.5
.
0
4
4
5
1
7
.1
.5
1
35
9i
*
1
2
-2
4
1
.2
3
.6
0
1
2
7
2
7
.9
.9
7
3
5
9
5
2
4
-3
6
.7
5
.0
0
1
2
3
3
8
.3
2
.1
8
3
6
0
1
3
6
-4
8
.8
1
.5
0
1
2
3
5
7
.9
3
.5
9
A
n
s
e
lm
o
s
i
3
h
7
0
0
-6
2
.4
9
.0
3
9
5
3
3
+
7
.2
.4
1
3h
72
6
-1
2
1
.4
3
.2
0
7
4
0
9
7
.2
.3
5
3
k
7
3
1
2
-2
4
1
.0
2
.7
0
4
4
6
9
7
.3
.3
7
3^
*7
^
2
4
-3
6
.8
1
.1
0
4
4
6
7
7
.8
.4
0
3
k
7
^
3
6
-4
8
.4
.6
0
4
3
9
3
8
.1
.4
5
M
il
lb
o
ro
c
3
h
9
k
0
-6
5
.1
7
.7
3
1
5
3
3
+
7
.8
.5
5
3
h
9
6
6
-1
2
2
.9
2
.5
0
3
5
3
3
+
7
.8
.9
6
3
h
9
7
1
2
-1
8
2
.2
.7
0
2
5
3
3
+
8
.0
.7
9
•^
0
i
3
h
9
S
1
8
-2
4
2
.2
.8
0
2
.
5
3
3
+
8
.0
1
.0
3
3^
49
9
2
4
-3
0
1
.9
1
.1
0
2
5
3
3
+
7
.9
1
.4
6
3
5
0
0
3
0
-3
6
1
.4
1
.1
0
2
5
3
3
+
7
.9
2
.2
2
.
'
»
'
V
>
JL
T
ab
le
2
0
.
In
ch
es
o
f
R
a
in
fa
ll
R
ec
ei
v
ed
D
xi
ri
ng
th
e
G
ro
w
in
g
S
ea
so
n
a
t
E
ac
h
S
jp
al
l
G
ra
in
E
x
p
er
im
en
ta
l
S
it
e
,
1
9
6
6
,
M
o
n
th
&
W
e
e
k
.2
8
.2
0
.9
0
.8
0
.2
0
.1
0
.2
5
.5
5
.3
7
1
.0
2
.O
U
.5
0
.6
0
.3
0
.2
0
.U
O
C
ou
nt
y
an
d
A
p
ri
l
M
a^
:
J^
ne
Ju
ly
rn
op
pt
»t
A
r
07
/1
3
lU
/2
0
21
/2
7
28
/O
U
05
/1
1
12
/1
8
19
/2
5
26
/0
1
02
/0
8
09
/1
5
16
/2
2
23
/2
9
30
/0
6
07
/1
3
lU
/2
0
21
/2
7
TO
TA
L
2
.8
0
1
.5
0
.2
0
1
.5
0
.6
0
6
.0
0
1
.0
0
.1
0
2
.6
0
.5
0
.5
0
1
.6
0
I.
U
O
S
p
in
k
G
o
ld
in
S
p
in
k
S
te
g
e
r
E
d
m
u
n
d
s
H
a
a
r
C
o
d
in
g
to
n
M
a
c
k
.6
0
.3
0
.7
0
.6
0
.1
0
.1
0
.8
0
.1
0
.8
0
.6
0
.U
oj
3.
35
D
e
u
e
l
C
hr
is
to
ph
er
si
on
.8
0
.6
0
1
.0
0
.8
0
•
B
ro
o
k
in
g
s
<p
Ag
En
g
Fa
rm
.1
8
.5
6
.0
1
.5
8
.^
6
.U
U
.5
7
1
.2
0
.6
7
.0
3
1
.5
^
1
.^
1
.3
9
.6
2
T
u
r
n
e
r
S
c
h
m
id
t
M
l
.7
0
.7
0
.1
0
2
.5
0
.1
0
I.
U
O
.6
0
.8
0
.8
0
.9
0
T
ri
p
p
B
e
r
tr
a
m
T
ri
p
p
F
is
h
e
r
.0
3
1.
80
.7^
+
.0
3
.7
3
.0
2I
1.
85
.75
1
.1
0
.l+
o|
*
S
o
il
sa
m
pl
es
no
t
ta
ke
n
u
n
ti
l
Ju
ly
27
,
19
66
.
*
*
R
a
in
fa
ll
ta
k
e
n
fr
o
m
n
e
a
re
s
t
re
p
o
rt
in
g
s
ta
ti
o
n
.
.9
0
1
.5
0
1
1
.0
5
.5
5
.U
O
2
.U
0
.1
5
1
.3
0
.2
0
2
.1
0
1
1
.2
8
1
2
.6
3
T
ab
le
21
.
A
va
ila
bl
e
W
at
er
in
a
U
-F
oo
t
P
ro
fi
le
at
P
la
nt
in
g
an
d
H
ar
ve
st
in
g
Ti
m
e,
R
ai
nf
al
l
R
ec
ei
ve
d
D
ur
in
g
th
e
G
ro
w
in
g
S
e
a
so
n
a
n
d
th
e
A
m
ou
nt
o
f
W
a
te
r
U
se
d
P
e
r
B
u
sh
e
l
o
f
G
ra
in
G
ro
w
n
W
it
h
a
n
d
W
it
h
o
u
t
F
er
ti
li
ze
r.
19
66
.
R
a
j
n
f
a
l
l
~~
~
T
o
ta
l
S
o
il
W
st
er
D
u
ri
n
g
W
at
er
B
u
sh
e
ls
p
e
r
C
oi
m
ty
an
d
T
re
at
m
en
t
Y
ie
ld
A
t
P
la
n
ti
n
g
A
t
H
ar
v
es
t
S
ea
so
n
U
se
d
B
y
In
c
h
o
f
C
o
o
p
er
a
to
r
N
+P
+K
,
L
b
s/
A
.
B
u/
A
.
In
c
h
e
s
In
ch
es
In
ch
es
C
ro
p
*
W
at
er
U
se
d*
*
C
o
im
ty
a
n
d
C
o
o
p
e
ra
to
r
S
p
in
k
0
+
0
+
0
1
1
.5
1
2
.0
5
G
o
ld
in
6
0
+
1
0
+
0
9
.0
1
2
.0
5
S
p
in
k
0
+
0
+
0
1
2
.0
1
0
.5
7
S
te
g
e
r
6
0
+
1
0
+
0
11
1.
7
1
0
.5
7
E
d
m
u
n
d
s
0
+
0
+
0
1
0
.3
8
.7
9
H
a
a
r
6
0
+
1
0
+
0
1
6
.6
8
.7
9
C
o
d
in
g
to
n
0
+
0
+
0
2
2
.3
1
1
.0
6
M
a
c
k
6
0
+
1
0
+
0
33
.1
+
1
1
.0
6
D
e
u
e
l
0
+
0
+
0
3
2
.0
1
6
.0
1
+
C
h
ri
s
to
p
h
e
rs
o
n
6
0
+
1
0
+
0
5I
+.
I+
1
6
.0
1
+
B
ro
o
k
in
g
s
0
+
0
+
0
3
7
.2
8
.8
8
A
g
E
n
g
F
ar
m
1
5
0
+
2
0
+
2
0
1+
9.
1+
8
.8
8
T
u
r
n
e
r
0
+
0
+
0
5
8
.2
1
3
.2
U
S
c
h
m
id
t
6
0
+
1
0
+
0
63
.1
+
I3
.2
I+
W
H
E
A
T
N
o
t
ta
k
e
n
1
1
.2
8
T
ri
p
p
B
e
r
tr
a
m
0
+
0
+
0
6
0
+
1
0
+
0
T
ri
p
p
0+
0+
0
2
2
.7
F
is
h
e
r
60
+
10
+
0
3
3
.3
*
W
at
er
lo
s
t
b
y
e
v
a
p
o
ra
ti
o
n
an
d
r\
m
o
ff
**
C
al
cu
la
te
d
by
B
u.
of
gr
ai
n
pr
od
uc
ed
_
in
c
h
e
s
o
f
w
a
te
r
u
s
e
d
7
.1
6
1
2
.6
3
1
6
.0
1
+
.7
5
6
.7
7
16
.1
+
3
.8
9
7.
0I
+
6
.0
0
7
.7
5
1
,3
2
7
.0
3
7
.7
6
2
.1
3
B
A
R
T
O 6
.8
7
8.
1+
5
1
2
.6
1
+
1
.7
6
6
.8
1
1
2
.7
0
2
.6
3
1
1
.9
2
8
.6
0
1
2
.7
2
2
.5
2
1
1
.0
1
1
3
.6
3
3
.9
9
O
A
T
S
2
.6
5
7.
1+
6
1
3
.6
9
2
.7
2
3
.3
0
13
.0
1+
3
.7
9
8
.5
7
9
.0
5
1
3
.7
2
I+
.2
I+
1
0
.1
+
0
1
1
.8
9
5
.3
3
7
.6
0
9
.7
5
1
2
.9
9
2
.8
5
8.
31
+
1
2
.2
5
3
.0
9
2
1
.0
1
1
1
.2
5
5
.1
6
1+
.3
9
2
0
.1
2
6
.0
5
5
.5
0
10
.8
14
7
.6
0
9
.7
5
1
2
.9
9
1
0
,e
k
8.
3U
1
2
.2
5
3I
4.
92
2
1
.0
1
1
1
.2
5
5
.1
6
3I
4.9
2
20
.1
2
6.
05
fr
om
th
e
s
o
il
an
d
tr
a
n
sp
ir
e
d
b
y
th
e
p
la
n
ts
,
•b
u
sh
el
s
o
f
g
ra
in
p
ro
d
u
c
e
d
p
e
r
in
c
h
o
f
w
a
te
r
u
se
d
,
T
aT
sl
e
2
2
.
T
h
e
E
ff
e
c
ts
o
f
N
it
ro
g
e
n
a
n
d
P
h
o
sp
h
o
ru
s
o
n
th
e
Y
ie
ld
,
T
e
st
W
ei
g
h
t
a
n
d
P
ro
te
in
C
o
n
te
n
t
o
f
W
h
ea
t
G
ro
w
n
on
O
u
tl
y
in
g
P
lo
ts
in
S
o
u
th
D
ak
o
ta
in
1
9
6
6
.
N
it
ro
g
e
n
L
b
s/
A
.
Y
ie
ld
,
B
u
/A
.
0
1
1
.5
1
1
.^
1
3
.0
1
1
.5
1
5
1
1
.U
1
2
.5
1
1
.9
1
2
.2
3
0
9
.3
1
1
.5
1
1
.3
1
2
.2
6
0
7
.5
8
.5
9
.0
1
0
.1
A
v
e
.
9
.9
1
1
.0
1
1
.3
1
1
.5
D
u
n
n
e
tt
's
T
e
st
,
5^
N P N
P
1
2
.0
1
3
.i
t
1
3
.2
lU
.9
1
1
.T
1
5
.1
1
2
.5
li
t.
it
1
5
.6
li
t.
3
li
t.
7
1
2
.5
1
5
.9
1
6
.9
1
8
.5
1
2
.9
Ih
.h
D
u
n
n
e
tt
's
T
e
st
,
3%
li
t.
3
1
6
.0
N
1
2
.1
1
3
.7
1
8
.1
1
6
.6
1
0
.3
1
2
.1
1
3
.6
1
8
.1
li
t.
3
1
6
.5
1
5
.9
1
7
.2
1
3
.5
1
6
.0
1
2
.1
i7
.i
t
i7
.i
t
1
8
.3
1
6
.6
1
8
.3
1
6
.3
1
6
.3
1
1
.9
1
2
.0
1
1
.1
8
.8
1
2
.6
li
t.
7
li
t.
8
1
5
.5
1
2
.1
l6
.l
t
1
6
.6
1
7
.0
T
e
st
W
e
ig
h
t,
L
b
s/
B
u
.
^
p
IT
e
d
~
P
lo
s/
A
.
0
5
"!
n
p
n
•
S
P
IN
K
C
O
U
N
T
Y
G
O
L
D
IN
5
7
5
7
5
7
5
7
5
7
57
56
56
56
56
56
56
56
56
56
55
55
56
55
55
5
6
56
56
56
S
P
IN
K
C
O
U
N
T
Y
S
T
E
G
E
R
58
58
58
58
58
57
5
8
5
8
5
8
5
8
58
5
8
5
8
58
58
58
5
8
58
5
8
58
5
8
58
5
8
5
8
E
D
M
U
N
D
S
C
O
U
N
T
Y
H
A
A
R
56
58
58
58
58
57
5
8
58
5
7
58
5
6
57
56
56
.
56
5
6
5
8
5
8
57
P
ro
te
in
C
o
n
te
n
t,
%
1
3
.3
li
t.
2
li
t.
6
ll
t.
l
li
t.
6
1
3
.8
1
5
.6
li
t.
7
li
t.
5
li
t.
2
1
1
.8
1
3
.8
1
3
.3
li
t.
it
1
3
.8
li
t.
6
1
3
.2
li
t.
7
li
t.
6
1
5
.0
1
5
.8
1
5
.6
1
3
.6
li
t.
5
li
t.
5
1
5
.0
i5
.i
t
1
5
.1
1
5
.2
1
5
.0
1
5
.5
li
t.
9
1
5
.2
1
6
.3
1
5
.9
i5
.i
t
1
5
.1
1
5
.6
1
6
.5
1
5
.9
1
5
.8
1
5
.5
1
5
.8
1
5
.3
1
5
.3
1
3
.2
1
2
.l
t
1
3
.l
t
1
2
.8
1
3
.2
1
3
.5
1
3
.2
1
3
.6
li
t.
5
1
5
.2
ll
t.
O
1
3
.9
li
t.
l
1
5
.6
1
5
.1
1
3
.7
ll
t.
7
1
3
.8
ll
t.
O
1
3
.7
1
3
.2
li
t.
2
li
t.
l
1
5
.3
1
5
.2
1
5
.2
1
5
.7
1
6
.0
1
3
.0
i3
.l
t
ll
t.
O
1
5
.2
T
ab
le
23
.
T
he
E
ff
ec
ts
o
f
N
it
ro
g
en
an
d
P
ho
sp
ho
ru
s
on
th
e
Y
ie
ld
,
T
es
t
W
ei
gh
t
an
d
P
ro
te
in
C
on
te
nt
o
f
B
ar
le
y-
G
ro
w
n
on
O
ut
ly
in
g
P
lo
ts
in
So
ut
h
D
ak
ot
a
in
19
^6
.
N
it
ro
g
e
n
L
b
s/
A
.
Y
ie
ld
,
B
u
./
A
.
A
p
p
li
ed
P
lb
s/
A
.
T
e
st
W
e
ig
h
t,
L
b
s/
B
u
.
A
p
p
li
ed
P
lb
s/
A
.
0
5
1
0
2
0
A
v
e
.
P
ro
te
in
C
o
n
te
n
t,
%
A
p
p
li
ed
P
lb
s/
A
.
2
2
.3
2
9
.0
2
9
.6
3
3
.1
2
8
.6
2
0
.2
3
0
.7
3
2
.6
3
6
.3
3
0
.0
2
1
.3
2
7
.^
3
5
.8
3
5
.5
3
0
.0
2
0
.7
2
8
.0
33
.1
+
3U
.6
2
6
.7
2
1
.1
2
8
.8
3
2
.9
3I
+
.9
C
O
D
IN
G
T
O
N
C
O
U
N
T
Y
M
A
C
K
1^
3
kk
1+
3
1+1
+
kk
U
3
1+
3
1+
2
1+
2
1+
3
1+
3
1+
2
1+
2
1+
2
1+
2
1+
2
1+
2
1+
2
1+
1
1+
2
1+
3
1+
3
1+
2
1+
2
1
0
.2
1
0
.2
9
.6
1
0
.1
1
0
.0
1
0
.8
1
0
.5
1
0
.6
1
0
.8
1
0
.7
11
.1
+
1
1
.0
1
0
.9
1
1
.3
1
1
.2
11
.1
+
1
1
.6
1
2
.2
1
1
.9
1
1
.8
1
1
.0
1
0
.8
1
0
.8
1
1
.0
D
u
n
n
et
t*
s
T
e
st
,
3%
D
E
U
E
L
C
O
U
N
T
Y
C
H
R
IS
T
O
P
H
E
R
S
O
N
0
3
2
.0
31
+
.7
3I
+
.O
3
5
.0
3
3
.9
5
0
5
0
5
1
5
1
5
1
9
.1
9
.5
9
.9
1
5
31
+
.2
1+
0.
0
3
9
.0
1+
1.
8
3
8
.8
5
0
5
0
5
1
5
1
5
1
9
.1
8
.8
9
.3
3
0
1+
2.
2
1+
2.
6
1+
3.
1+
1
+
8
.1
l+
l+
.l
5
0
5
0
5
1
5
1
5
1
1
0
.2
9
.5
9
.1
6
0
1+
6.
7
1+
7.
1+
5I
+.
I+
5
7
.0
51
.1
+
5
0
5
0
5
1
5
0
5
0
1
0
.9
9
.9
9
.8
A
v
e
.
3
8
.8
1+
1.
2
1+
2.
7
1+
5.
5
5
0
5
0
5
1
5
1
9
.8
9.
1+
9
.5
D
u
n
n
e
tt
*
s
T
e
s
t,
N
6
.1
P
1+
.9
N
P
N
.S
.
-
-
8
.8
9
.6
9
.2
1
0
.6
T
he
E
ff
e
c
ts
o
f
N
it
ro
g
en
an
d
P
h
o
sp
h
o
ru
s
on
th
e
Y
ie
ld
,
T
e
st
W
ei
g
h
t
an
d
P
ro
te
in
C
o
n
te
n
t
o
f
O
at
s
G
ro
w
n
on
O
ut
ly
in
g
P
lo
ts
in
So
ut
h
D
ak
ot
a
in
19
^6
,
Y
ie
ld
,
B
u
/A
.
A
p
p
li
ed
P
It
s/
A
.
5
1
0
2
T
er
^t
W
ei
g
h
t,
L
b
s/
B
u
,
A
p
p
li
ed
P
It
s/
A
.
0
5
1
0
2
0
A
v
e
.
P
ro
te
in
C
o
n
te
n
t,
%
A
p
p
li
ed
P
lb
s/
A
.
0
5
1
0
2
0
A
v
e,
0
5
8
.2
1
5
5
5
.0
3
0
5
9
.T
6
0
6
2
.0
A
v
e.
5
8
.7
D
un
ne
tt
's
T
es
t,
5^
6
1
.6
6
6
.7
6
l
.l
6
3
.0
6
3
.1
N P N
P
T
U
R
N
E
R
C
O
U
N
T
Y
S
C
H
M
ID
T
5
7
.2
5
7
.5
35
36
35
36
6
5
.0
6
2
.5
36
35
35
36
5
8
.6
6
0
.6
36
3^
35
36
6
U
.1
61
.1
+
3h
35
3k
35
6
1
.2
35
35
35
36
1
2
.6
1
2
.U
1
2
.6
1
3
.7
1
3
.7
1^
4.
5
lU
.U
lU
.l
i
1
3
.3
1
3
.8
1
2
.6
1
1
.8
1
3
.1
1
2
.3
1
3
.2
1
2
.8
1
U
.3
1
3
.^
0
3
7
.0
1
5
3
6
.2
30
U
O
.O
6
0
U
2
.2
A
v
e.
3
8
.9
D
u
n
n
et
t*
s
T
e
st
,
5%
3
U
.8
3
8
.2
3
7
.2
3
7
.8
3
7
.0
N P N
P
3
U
.8
3
7
.8
U
o
.o
3
1
.3
3
6
.0
T
R
IP
P
C
O
ID
T
T
Y
B
E
R
T
R
M
37
36
"3
^
36
36
35
36
35
3
6
3k
31
^
35
35
3k
3i
^
33
36
35
35
35
1
2
.8
Ik
,3
1
U
.6
1
3
.
1
3
.1
1
3
.2
1
2
.8
1
2
.U
1
U
.6
1
5
.6
1
5
.1
1
3
.2
1
5
.8
1
5
.9
1
5
.6
1
6
.U
lk
,k
ik
.Q
1
U
.2
1
3
.8
T
R
IP
P
C
O
U
N
T
Y
F
IS
Ii
E
R
0
2
2
.7
2
1
.0
1
9
.3
2
0
.5
2
0
.9
3
3
3
2
3
2
3
3
3
2
li
t.
5
lk
,0
1
5
2
3
.2
2
U
.8
2
6
.6
2
6
.9
2
5
.u
3
3
3
3
3
3
3
2
3
3
1
3
.2
lU
.U
3
0
2
8
.8
3
1
.5
2
7
.9
3
1
.8
3
0
.0
3
2
3
2
3
2
3
2
3
2
li
t.
9
1
5
.1
6
0
3
2
.9
3
2
.2
3
3
.3
3
3
.7
3
3
.0
3
2
3
1
3
1
3
1
3
1
1
5
.1
1
5
.7
A
v
e
.
2
6
.9
2
7
.U
2
6
.8
2
8
.2
3
3
3
2
3
2
3
2
lk
,k
1
U
.8
D
u
n
n
e
tt
*
s
T
e
st
,
5%
N P N
P
8
.0
N
.S
.
N
.S
.
IU
.3
1
5
.0
lk
,k
1
3
.8
1
5
.6
1
5
.6
T
ab
le
25
.
Th
e
In
fl
ue
nc
e
o
f
P
ot
as
si
um
F
e
rt
il
iz
e
r
on
th
e
Y
ie
ld
,
T
es
t
W
ei
gh
t
an
d
P
ro
te
in
C
on
te
nt
o
f
S
pr
in
g
S
m
al
l
G
ra
in
G
ro
w
n
on
O
u
tl
y
in
g
P
lo
ts
in
S
o
u
th
D
ak
o
ta
in
1
9
6
6
.
Y
ie
ld
.
B
u
/A
.
P
r
o
te
in
C
o
n
te
n
t
P
o
t
a
s
s
i
m
T
e
st
W
e
ig
h
t,
L
b
s/
B
u
.
N
it
ro
g
e
n
+
P
h
o
sp
h
o
ru
s
L
b
s/
A
.
L
b
s/
A
.
3
C
H
-1
0
6
0
+
1
0
3
0
+
1
0
6
0
+
1
0
3
0
+
1
0
6
0
+
1
0
W
H
E
A
T
r
S
P
IN
K
C
O
U
N
T
Y
ST
EG
ER
'
0
1
5
.6
lU
.7
5
8
5
8
1
5
.U
1
5
.9
5
1
6
.3
1
6
.1
5
8
5
8
1
5
.3
•
1
5
.6
1
0
lk
,6
1
7
.0
5
8
5
7
1
5
.6
1
5
.U
2
0
1
5
.5
1
5
.6
5
8
5
8
1
5
.1
1
5
.6
D
u
n
n
e
tt
's
T
e
st
,
5^ 1
8
.3
1
5
.0
1
6
.T
i6
.2
D
u
n
n
et
t*
s
T
e
st
,
3%
D
u
n
n
et
t'
s
T
e
st
,
3%
N
,
1
6
.6
1
7
.5
1
6
.U
li
^
.8
E
D
M
U
N
D
S
C
O
U
N
T
Y
H
A
A
R
B
A
R
L
E
Y
C
O
D
IN
G
T
O
N
C
O
U
N
T
Y
M
A
C
K
l
k
,l
lk
.2
ll
t.
O
lU
.5
1
0
.9
1
1
.1
1
1
.2
1
1
.U
1
5
.1
1
5
^
2
1
5
.3
1
5
.1
1
2
.2
1
0
.8
1
1
.1
1
1
.9
T
ab
le
23
(C
o
n
ti
n
u
g
d
).
Y
ie
ld
s
B
u
/A
«
P
o
ta
s
s
iu
m
L
b
s/
A
.
3
0
+
1
0
6
0
+
1
0
D
u
n
n
e
tt
's
T
e
s
t,
U
3.
U
k
k
.l
k
3
.9
3
7
.2
2
6
.8
3
1
.9
3
3
.0
D
u
n
n
e
tt
's
T
e
st
,
3%
5
1
.5
i+
7.
5
i^
7.
9
3
7
.8
3
1
.9
3
3
.7
3
6
.5
0
2
7
.9
3
3
.3
5
2
6
.1
3
2
.5
1
0
2
8
.1
2
7
.8
2
0
2
8
.6
2
9
.h
D
u
n
n
e
tt
's
T
e
st
,
3%
N
.S
.
T
e
s
t
W
e
ig
h
t,
L
b
s/
B
u
.
N
it
ro
g
e
n
+
P
h
o
sp
h
o
ru
s
L
b
s/
A
.
30
+
10
60
+
10
D
E
U
E
L
C
O
U
N
T
Y
C
H
R
IS
T
O
P
H
E
R
S
O
N
T
R
IP
P
C
O
U
N
T
Y
B
E
R
T
R
A
M
35
^
3
5
3
3
3
2
3
3
3
3
3
h
T
R
IP
P
C
O
U
N
T
Y
F
IS
H
E
R
P
ro
te
in
C
o
n
te
n
ts
%
3
0
+
1
0
6
0
+
1
0
1
5
.1
1
3
.5
1
I1
.8
1
5
.0
lU
.U
1
3
.7
1
U
.2
1
3
.U
9
.8
1
0
.2
9
.9
9
.7
1
5
.6
IU
.9
1
5
.8
1
5
.0
1
5
.6
lU
.U
1
3
.8
1
3
.8
T
a
b
le
2
6
.
T
h
e
E
ff
e
c
ts
o
f
F
e
rt
il
iz
e
r
o
n
th
e
Y
ie
ld
,
T
e
st
W
ei
g
h
t
a
n
d
P
ro
te
in
C
o
n
te
n
t
o
f
W
h
ea
t,
B
a
rl
e
y
an
d
O
at
s
a
t
In
d
iv
id
u
a
l
O
u
tl
y
in
g
L
o
ca
ti
o
n
s
in
19
66
.
T
re
at
m
en
t
Y
ie
ld
,
B
u/
A
.
N
+
P+
K
W
h
ea
t
B
a
rl
e
y
O
a
ts
0
+
0
+
0
3
0
+
0
+
0
0
+
1
0
+
0
3
0
+
1
0
+
0
6
0
+
I0
f0
1
1
.5
9
.3
1
3
.0
1
1
.3
9
.0
A
O
V
f
o
r
T
r
e
a
tm
e
n
ts
C
ro
p
s
X
T
re
a
tm
e
n
ts
0
+
0
+
0
3
0
+
0
+
0
0
+
1
0
+
0
3
0
+
1
0
+
0
6
0
+
1
0
+
0
1
2
.0
1
1
.7
1
2
.5
1
5
.6
IU
.7
A
O
V
f
o
r
T
r
e
a
tm
e
n
ts
C
ro
p
s
X
T
re
a
tm
e
n
ts
2
1
.9
1
8
.9
2
2
.7
2
h
.3
2
7
.7
N
.S
.
S
ig
n
if
ic
a
n
t
a
t
.0
1
2
3
.
1
7
.5
2
6
.0
2
6
.6
2
8
.7
S
ig
n
if
ic
a
n
t
a
t
.0
5
S
ig
n
if
ic
a
n
t
a
t
.0
5
T
e
st
W
e
ig
h
t,
L
b
s/
B
u
.
W
h
ea
t
B
a
rl
e
y
O
a
ts
S
P
IN
K
C
O
U
N
T
Y
G
O
L
D
IN
5
7 56
U
l
5
7
5
1
56
k9
56
h9
S
P
IN
K
C
O
U
N
T
Y
S
T
E
G
E
R
58
1*
7
58
U
5
58
U
8
5
8
1+
8
58
i»
7
E
D
M
U
N
D
S
C
O
U
N
T
Y
H
A
A
R
P
r
o
te
in
C
o
n
te
n
t.
W
h
ea
t
B
a
rl
e
y
I
I
.8
1
3
.2
1
3
.3
II
I.
6
1
5
.5
1
5
.0
1
6
.3
1
5
.1
1
5
.
1
5
.9
1
0
.6
1
1
.7
1
1
.1
1
1
.5
1
1
.3
1
0
.
U
1
1
.U
1
0
.0
1
1
.1
1
1
.7
0
+
0
+
0
1
0
.3
1
9
.3
2
7
.7
5
7
h
i
3
6
1
3
.2
9
.6
1
1
.7
3
0
+
0
+
0
IU
.3
2
3
.5
3
2
.9
5
7
k
6
3
7
1
U
.5
1
0
.7
1
3
.8
0
+
1
0
+
0
1
3
.7
2
3
.5
3
3
.5
5
8
U
6
3
6
1
3
.U
1
0
.7
1
1
.3
3
0
+
1
0
+
0
1
8
.3
3
2
.0
3
9
.0
5
8
U
6
3
6
lU
.l
1
0
.9
1
3
.9
6
0
+
1
0
+
0
1
6
.6
3
0
.3
3
9
.8
5
6
k
6
3
6
1
5
.0
1
1
.
U
1
2
.2
A
O
V
f
o
r
T
r
e
a
tm
e
n
ts
C
ro
p
s
X
.
T
r
e
a
tm
e
n
ts
S
ig
n
if
ic
a
n
t
a
t
.0
1
N
.S
.
T
ab
le
26
(C
o
n
ti
n
u
ed
)»
T
re
a
tm
e
n
t
N
+
P
+
K
W
h
e
a
t
Y
ie
ld
,
B
u
/A
.
B
a
rl
e
y
O
a
ts
T
e
st
W
ei
/y
h
t,
L
b
s/
B
u
.
W
he
at
B
a
rl
e
y
O
at
s
E
E
U
E
L
C
O
U
N
T
Y
C
H
R
IS
T
O
P
H
E
R
S
O
N
P
r
o
te
in
C
o
n
te
n
t
W
h
e
a
t
B
a
rl
e
y
0
+
0
+
0
2
1
.3
3
2
.0
k
3
.3
'•
6
l
5
0
3
7
lU
.9
9
.0
1
2
.<
)
3
0
+
0
+
0
2
2
.8
k
2
,2
5
2
.6
6
l
5
0
3
7
lU
.9
1
0
.2
1
1
.8
0
+
1
0
+
0
2
1
.8
3
k
.0
U
8
.2
*
6
l
5
1
36
1
2
.9
9
.9
io
:6
3
0
+
1
0
+
0
2
3
.9
1+
3.
^
5
8
.6
6
l
5
1
3
8
lU
.l
9
.1
1
1
.3
6
0
+
1
0
+
0
2
5
.1
6
7
.8
6
l
5
1
3
8
1
5
.0
9
.8
1
2
.5
A
O
V
f
o
r
T
r
e
a
tm
e
n
ts
C
ro
p
s
X
T
re
a
tm
e
n
ts
S
ig
n
if
ic
a
n
t
a
t
.0
1
N
.S
.
T
U
R
N
E
R
C
O
U
IO
T
S
C
H
M
ID
T
0
+
0
+
0
3
0
.1
ii
5
.U
5
8
.2
5
5
k
k
3
5
1
5
.5
lO
.k
1
2
1
6
3
0
+
0
+
0
2
2
.1
U
3
.6
5
9
.7
5^
+
k
2
3
6
Ik
.3
1
1
.1
1
3
.7
0
+
1
0
+
0
3
3
.3
5
1
.3
6
1
.6
3k
k5
3
5
1
5
.8
1
1
.5
1
2
.6
3
0
+
1
0
+
0
2
8
.7
5
2
.9
6
l
.l
3k
k3
3
5
1
5
.2
1
1
.
U
1
3
.2
6
0
+
1
0
+
0
2
7
.1
5
6
.9
6
3
.0
3k
k5
3
k
1
6
.6
1
1
.8
li
*
.3
A
O
V
f
o
r
T
re
a
tm
e
n
ts
C
ro
p
s
X
T
re
a
tm
e
n
ts
T
R
IP
P
C
O
U
N
T
Y
B
E
R
T
R
A
M
0
+
0
+
0
7
.1
1
9
.1
3
7
.0
3
k
U
8
3
7
1
5
.0
1
2
.0
1
2
.8
3
0
+
0
+
0
8
.2
2
2
.1
U
o
.o
5
3
kQ
3
6
1
5
.8
1
1
.6
lU
.6
0
+
1
0
+
0
8
.6
2
1
.3
3
i+
.8
5i
^
U
8
3
6
1
5
.0
1
0
.8
1
3
.1
3
0
+
1
0
+
0
8
.6
2
6
.0
3
7
.2
5
3
kQ
3
k
1
5
.6
1
1
.1
1
5
.1
6
0
+
1
0
+
0
9
.0
2
U
.3
3
7
.8
5
3
U
8
3
k
1
6
.0
1
2
.6
1
5
.6
A
O
V
f
o
r
T
r
e
a
tm
e
n
ts
C
ro
p
s
X
T
re
a
tm
e
n
ts
0
+
0
+
0
6
.9
2
3
.5
2
2
.7
3
0
+
0
+
0
1
2
.8
2
6
.5
2
8
.8
0
+
1
0
+
0
8
.1
2
0
.2
1
9
.3
3
0
+
1
0
+
0
1
1
.8
2
8
.3
2
7
.9
6
0
+
1
0
+
0
1
1
.0
2
9
.
3
3
.3
A
O
V
f
o
r
T
r
e
a
tm
e
n
ts
C
ro
p
s
X
T
re
a
tm
e
n
ts
S
ig
n
if
ic
a
n
t
a
t
.0
1
N
.S
.
T
R
IP
P
C
O
U
N
T
Y
F
IS
H
E
R
52
U
8
3
3
52
ii8
32
52
kQ
32
52
1^
9
32
5
1
hQ
31
1
6
.0
1
1
.3
lU
.5
1
6
.2
1
0
.8
lU
.9
1
6
.5
1
0
.6
lU
.8
l6
.k
1
1
.0
Ik
.k
1
7
.2
1
1
.0
1
5
.6
Ta
bl
e
27
.
Th
e
E
ff
ec
ts
of
N
itr
og
en
an
d
Po
ta
ss
iu
m
F
er
ti
li
ze
r
an
d
Pl
an
tin
g
D
ate
on
th
e
Y
ie
ld
Te
st.
W
eig
ht
an
d
Pr
ot
ex
n
C
on
te
nt
of
D
ar
ke
r
B
ar
le
y
in
D
eu
el
C
ou
nt
y
in
19
66
7
®
T
re
a
tm
e
n
t
L
b
s/
A
.
K
-i
-P
4
K
0
+
0
+
0
3
0
+
1
0
+
5
3
0
+
1
0
+
1
0
3
0
+
1
0
+
2
0
60
fl
O
+
5
6
0
+
1
0
+
1
0
6
O
H
O
f2
0
A
v
e
ra
g
e
Y
ie
ld
,
B
u
/A
.
A
p
ri
l
lU
M
ay
3
2
2
.2
k
3
.1
k
2
,6
T
en
t
W
ei
gh
t^
L
bs
/B
u.
D
a
te
P
la
n
te
d
A
p
ri
l
lU
M
av
3
P
ro
te
in
C
o
n
te
n
t,
%
Ip
rl
l
li
t
M
ay
3
9
.9
.
1
1
.U
9
.3
l
l
.k
9
.7
'
1
0
.9
9
.7
•
1
0
.9
1
0
.2
1
2
.2
1
1
.5
Table 28. The Effects of Nitrogen on the Yield, Test Wei^t and Protein
Content of Tyler Oats Grown in Brookings County in 1966.
Treatment, Lbs/A.
N+P+K
O+OfO
0+20+20
30f20+20
60^20+20
90+20+20
120+20+20
150+20+20
Dunnett's Test, 3%
Test Weight
Lbs/Bu.
Table 29. The Effect of Nitrogen and Potassium on the Yield, Test
Weight and Protein Content of T[yier Oats Grown in Brookings
County in 1966.
Treatment, Lbs/A.
N+P+K
0+0+0
30+10+5
30+10+10
30+10+20
60+10+5
60+10+10
60+10+20
Test Weight
Lbs/Bu.
